ABSTRACT
INTRODUCTION
Our laboratory is currently involved in several projects requiring relatively high-volume DNA sequencing. Several years ago, we chose to focus our sequencing efforts on the use of plasmids as sequencing templates for this work because of the smaller number of recombinants needed to span the genomic regions under investigation and the required verification by DNA sequencing of various expression constructs, all in double-stranded vectors. Because of the dramatic increase in our sequencing needs and the growing popularity of double-stranded sequencing in the genomic community, we endeavored to develop a rapid, inexpensive and efficient procedure and related methodologies for the isolation of sequence-quality plasmid DNA. Several such methods have been introduced in the last few years, with most based on either the alkaline lysis procedure of Birnboim and Doly (1) or the boiling method of Holmes and Quigley (6) . However, most of these double-stranded plasmid purification methods either are relatively expensive (>$1.00/template, relying on the use of commercial kits; Reference 14) , do not provide the possibility to recover the original recombinant (3, 7) , yield insufficient material for alternative analyses (i.e., hybridization; References 3 and 7) or are limited in throughput (2, 4, 9, 15, 16) , although Mohler and Blau (10) have described a high-throughput alkaline lysis protocol.
The following methodology, which is based on the yeast artificial chromosome (YAC) lysate protocol of Kwiatkowski et al. (8) , is optimized for 96-well format of growth and template preparation from 250 µ L of recombinant cells, although investigations have shown consistent reproducibility with only minor changes for DNA purifications from cell cultures of up to 10 mL. The double-stranded DNA isolated as follows has been demonstrated to perform robustly in cycle and non-cycle sequencing reactions, is readily cleaved by restriction endonucleases and can be used to transform host cells for the recovery of the original recombinant.
MATERIALS AND METHODS

Recombinant Production
Plasmid recombinants were generated by standard methodologies (11) Centrifuge configured as described above. 2. Medium was removed from each plate into a large pan containing disinfectant (1% commercial bleach stock) using a whipping motion and blotted on paper towels several times with tapping of the plate. 3. Cells in each well were resuspended in 250 µ L of supplemented lysis buffer by pipetting three times and left at RT for 10-40 min. 4. Plates were carefully placed in a water bath that had been boiling but turned down to maintain 90°C immediately before plate incubation. In our configuration, four plates are incubated together for 10 min in a large stainless steel surgical instruments tray. 5. Plates were removed from the water bath, allowed to reach RT (5 min on a bench) and centrifuged for 35 min at 2800 ×g and 4°C. 6. Following centrifugation to remove cell debris and genomic DNA, 125 µ L of the clarified lysate were removed to a fresh CyclePlate well containing 20 µ L of 3 M KOAc (pH 5.5) and mixed by pipetting once. 7. Precipitation was accomplished by the addition of 0.7 vol room-temperature isopropanol and mixed by pipetting once. 8. After the addition of isopropanol to all plates, the plasmid DNA was collected by centrifugation for 35 min at 2800 ×gand 4°C, after which the supernatant was removed as described for the medium (step 2 above), and the plates were blotted on paper towels. 9. The collected precipitates were washed by the addition of 250 µ L of freshly made 75% room-temperature ethanol to each well, with centrifugation and supernatant removal as described previously. 10. After draining for a few minutes on paper towels, the plates were transferred in the inverted position into a laminar flow hood, onto fresh paper towels and positioned with one side slightly elevated for air circulation and drying, which take about 30 min. 11. DNA pellets were resuspended in 50 µ L of 10 mM Tris-HCl (pH 8.0) by sealing the plate and vortex mixing for 5 min. The plates were then centrifuged for 1 min at 2800 × gand 4°C to collect the samples at the bottom of the wells prior to storage at 4°to -20°C. 12. Immediately prior to use for agarose gel analysis, restriction digestion, host cell transformation or in sequencing reactions, the CyclePlates were centrifuged for 20 min at 2800 ×g and 4°C to minimize the pipetting of any insoluble material. Pipetting. All pipetting manipulations were performed using Titertech ® 12-channel pipettors (ICN Biomedicals, Costa, Mesa, CA, USA). The procedure is outlined in Table 1 .
Template Analyses
Agarose gel electrophoresis. Agarose gel electrophoresis was performed according to standard protocols (11) for analyzing the resulting plasmid DNA preparations for purity, quantity, sensitivity to restriction endonuclease digestion and insert size. The use of a Centipede ® Horizontal Electrophoresis Apparatus (Owl Separation Systems, Woburn, MA, USA) with agarose gels containing up to four rows of fifty multichannel wells/gel has greatly aided the assessment of the large number of templates prepared. Star, Madison, WI, USA). DNA sequences determined from TurboPrep II templates were analyzed using the DNA Star package.
Cycle Sequencing
RESULTS AND DISCUSSION
In the process of developing the TurboPrep II protocol, several different plasmid preparation methodologies that had been successfully used in our laboratory were modified for 96-well format and evaluated in comparison to each other and to reports in the literature. Our goal from the outset was to develop a method that would: (i) minimize handling by using a 96-well format, (ii) reduce culture volumes with a target yield of 2 µ g/0.25 mL, (iii) eliminate organic, especially phenol, extractions and (iv) be amenable to automation. Although several modifications of the classic alkaline lysis protocol (1) were tested, none yielded reproducible results by agarose gel electrophoresis and DNA sequencing. Also, the alkaline lysis method, when performed with small-volume 96-well plates, required very vigorous mixing steps that increased the possibility of cross-contamination of wells, as well as significant shearing of the host genomic DNA. A recurring problem with the alkaline lysis method was overexposure to alkaline conditions, resulting in the generation of significant amounts of denatured, supercoiled DNA. Therefore, a boiling method was preferred because this mode of cell lysis would be more controllable and the template DNA less subject to hydrolysis than in a chemical lysis method. The primary difficulty encountered in trying to establish a boiling preparation methodology concerned the instability of debris pellets formed in generating the clarified lysate containing plasmid DNA. This instability was manifested in the debris pellets rapidly swelling shortly after centrifugal force was removed, rather than remaining compacted. Because this problem could be remedied by vortex mixing and/or pipetting the boiled lysate after cooling, it was assumed that the source of this difficulty lay in the formation of attachment points within the well by the DNA released from the cells during lysis, especially host ge -nomic DNA. Ultimately, the solution to this problem lay in the choice of detergents present in the lysis buffer, with the optimal combination of Tween 20 and IGEPAL CA-630.
A major initial concern was that of template yield, especially for static growths of the recombinants. While Mohler and Blau (10) and others (14) have reported reproducibility and adequate template yields using culture volumes of one milliliter when vigorously shaken or specially aerated, our results have shown reproducibly high yields for statically grown cultures using one fourth the culture volume (250 µ L) when the incubation time was extended to 48 h. The use of smaller culture volumes under static growth conditions not only saves on materials and equipment costs, but also significantly reduces the incubator space required for growth.
Approximately eight thousand independent plasmid DNA recombinants have been prepared by the TurboPrep II methodology to date, with a total of 4608 plasmid templates analyzed for purity and quantity by agarose gel electrophoresis (Figure 1) . Greater than 96% of these preparations contained approximately 80% of the plasmid DNA in the supercoil form, with yields of greater than 2 µ g of template DNA/recombinant. So far, about 600 of these preparations have been subjected to radioactive sequencing using Thermo Sequenase ™ kits (Amersham) with five failures and legible sequence lengths of >350 bp and a maximum read length of 437 bp. An example of one such gel run is shown in Figure 2A . Another 60 templates were sequenced radioactively using SequiTherm™kits (Epicentre Technologies) with no failures and legible sequence lengths of >300 bp (max = 402). A comparison of Figures 2A and 2B reveals that the sequence quality, based on equivalence of signal and the number of premature terminations, is significantly better using the Thermo Sequenase (Figure 2A ) than the SequiTherm system ( Figure 2B ). Our overall success rate of sequencing plasmid templates prepared by this method is >99%.
In addition to the use of this protocol for the purification of sequencing templates, we routinely use the method to prepare DNA for membrane spotting prior to hybridization analysis and for use as template for the preparation of 32 P-labeled polymerase chain reaction (PCR) inserts for Northern and Southern blot analysis (data not shown). Thus far, sequencing-quality DNA has been prepared from recombinants using the following plasmid vectors: pZErO™-1 (Invitrogen, Carlsbad, CA, USA), pRSET A, B and C (Invitrogen), pBluescript ® II (Stratagene, La Jolla, CA, USA) and pSPORT 1 (Life Technologies), with results comparable to those obtained from the pUC19 recombinants (data not shown).
SUMMARY
A rapid and inexpensive (less than $0.20/template) plasmid DNA preparation method has been developed that, under the conditions used, has yielded a success rate of greater than 99%. The resulting DNA has been found to be extremely stable with no detectable change (i.e., nicking) over a period of 3 months dried at RT, solubilized for 1 week at RT, solubilized for 3 months at 4°C or frozen at -20°C for one year, as determined by agarose gel electrophoresis and DNA sequencing (data not shown). This procedure is amenable to significant improvement through the use of custom growth chambers and automation but, in its current configuration, could meet the needs of many moderate-to high-volume sequencing projects.
This method has also been tested using larger culture volumes (up to 10 mL; data not shown) with the DNA isolation performed in 1.5-mL microcentrifuge tubes and resulting in an average of 15 µ g of double-stranded template/mL of growth. These templates have been found to yield highquality sequence data using non-cycle as well as cycle sequencing methodologies (data not shown).
